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(57) Abstract: 

PROBLEM TO BE SOLVED: To inexpensively and 
accurately reproduce optical disks having their 
different substrates in thickness without a toss of a 
quantity of reproducing light by adding an annular phase 
shifter for reducing aberrations of both two coverged 
spots which are different in wavelength to an objective 
lens to form one body. 

SOLUTION: At the time of reproducing the CD having its 
substrate 1.2mm thick with a laser beam of a wavelength 
780nm, by adding a doughnut-like annular phase shift 
area 101 to the objective lens for the DVD, a spherical 
aberration caused by a substrate thickness difference 
0.6mm from the DVD is reduced. Moreover, by adding an 
opposite annular shifter of a negative phase 
-&phiv;opposite to a phase difference &phiv; generated 
at the time of reproducing the CD to an area other that 
the annular phase shifter area in order that a phase is 
shifted only by the CD, so as not to increase the 
aberration at the time of reproducing the DVD, the 
aberrations of the converged spots on the CO and the 
DVD are reduced. Furthermore, by combining divided 
lenses, optimization can be carried out on the substrate 



COPYRIGHT: (C)1998.JPO 





o&)Bym»m!f (jp) <i2> & §S ^ 1^ ^ ^ (A) (nmwmm^jiam^^ 

J|#W^10 -255305 

(43)4^11 B ¥iai0¥(1998)9^25H 

(SDIntCl.' »3>Jia« F I 

G 1 1 B 7/135 G 1 1 B 7/135 A 



mm^ is«wosc5 ol 13 h) 





flia79 -58800 


(71) USA 


000005108 












ip^K 9 *p (1997)3^138 










(72)«W# 
























(72)%i»« 
























(74)f^A 





(54) [56lfl(^>«|Ssl ?Cf«Jlx>X:fc<kZ^-€-nSffll.i&^^y K 



(57) imm] 

mm] ^&(Dm^^<^<. 'Sim-. mm^< i-^(ou 

KST 8 0 nmcT^Tfe'C^^S/?^ 1 . 2mm<7)C 
D^rW^L. iSS6 5 0 nmCO>tT?SKI?$ O. 6mm 

[^^] 5 0 nmcDU— if^-X:S1SJ¥0. 6m 

mCODVD^, ?^g7 8 0 n m(7)U— lf7t;"trS^I¥l . 
2mm(DCD^. MPSPfl P ^i^i^S <t ^ :i <t < 1 o<^ 
u:/XT-S:^i-^- ir;^5pitgi:/^i9, /h^T'^^/^5t--^ 

5/ K^{ifl^-et6o 




NA0.6 



1 

fooT. g^>(t4^i/>^Xc7)rtjiiJ^^ty'eiR^/^<«3ti-6 
Tfe-r^m*::^! */i^i2^::fS^c7)>(4■4^w:xX<^. ^t^V 

[0 0 0 1 ] 
[0 0 0 2] 



(2) 0-255305 

2 

m^T•S^t^RLTV^5^7);55CD (Compact Disc) "C 

:zthtn±:s.i§^i^<Dh^mm'^m^^cDx^^c 

D— R (Compact Disk - Recordable) t»fi"BS6tJ LT# 

m<d^^iXM^&ROMtl^X. m^SlOVD (Digital 
Video Disk) ;5^^^^nf-o ^ ^ -ei^lE®^^^f^i]_h $ 
10 -tiT'S^^ci^f-p^fl^l^VXco^Pifi: (Numerical Aperture:N 
A) ^tie^CDCDO. 4 5:^^ib0. 6 (c:fp]± $:-lirT V ^ 

7fe^>;^^±(7)^7t;^4^:y ^(^:^#^^i^;^i-^^' 
x^^(oxh^o 't:ixovr>x\^'^'rmmi'^^^m{^ 

l^'-lfiKS^CDtT) 7 8 0 nm^^hG 5 0 n m ir UTV^ 

•^r-CDVDtiStel?^^CD(7) 1 . 2mm;$i^60. 6 

#C0::I-^iR^^«]X.TV^5, ^ ^ ^ ^ C D 

i:^x.TL* 9 <t DVDl|:fflc7)»i|^u>'X-ecD^W^t 

L*9o 7\^T=V;^^ffi(7>>rj-4^u>'XTfi#:^(7)^®if:^ 

[0 0 0 3] r(7)Pp^M^ftf^^'r^i^^<^^lx(iM^Ji':^ 
:7"X^;^/V- l-\^^^—mi^mi^l 994^27 — 2 
9H (Optical Review ,Vol. l,No. 1 (1994) pp. 27-2 
9.) {;if5«$tbrv>^o ^rr^JiO. 6mmffl^ife?l^>^ 

X«tg{:::7^n^^^^^^?f^^?feL. -^60[p]J^r3fe(-i: o T c D 

^i?*L. mM^i^^^xDvo^n^-t^ t\^^^ i^(Dx 

MfSi- ^ J: 9 4^ ^ ^ ^ ^ V ^ C »!>i3: 

[0 0 0 4] ii2<7)«e*c?ijiiH^m«^:a.--;^ • y 

BB^No.9507 (ip|5g7^6^ 2 1 0) {Ctdm^thX 
V^'So riXfi0.6mniffiOO^ffel/>X<?r s 1. 2min/SC0p«:^i|^ 1/ 

vx^fS]:;^^-.^;/ Kdfg^iicL. -^mr^^^^-^^^x 
50 -5o U^^Lri^^r.:JoV^r^^ 20(^)U>^XSr^t9#x.^fc: 




(3) 

3 

[0 0 0 5] ms(D'i^Mm\tBB^\^^ h^^^:^i 9 

9 6¥ 1 2 9 0^ (N o. 6 5 4) 1 5— 1 6M{^HS 

D(7)S^i-fc/cioTliNA^0. 3 5STvjN$< LTlR 

iK*6 3 5 n m(7:>^?9f$:U — if ^fflV^TV^;5/-^^). CD 
(^N A^r: :::^TMfi:i^T^/'c;^i^\ 7 8 O n met «9 10 

S:<Dytx-i^R^m:^m l < f&T-r -5 c d - R(Dn±m{^ 

[0 0 0 6] m4(D^ii^MMlt. 1^^¥7 — 3 4 2 2 0 3 
ig£fi6 5 0 nm-CDVDt CDCOfSJ;^ 

fi7 8 0 nm-eif^i-5^'g^t;i(^:^(7)5)-SJj(7)NA^{>/^ 

<t^>NAO. 4 5JL^±{ct-5j^l^^;ei^$>^:). :^(om^\:i 
D V D ^ S^i" S ^ # # < o T L 20 

[0 0 0 7] ^mm(^^^i^-xyt&(om^^^ 

<. ^ffit^. ««J:<i^:^7 8 0 nni(D^T*S«)¥$ 
1. 2mm(7)CD^H±L. 6 5 0 n m<7)7fe'eSffi 

j?^ 0. 6 mm(>C>DVD^S^i"S r ^-efc^o 
[0 0 0 8] 

[0 0 0 9] fe^v^fi^^t^^'^/X(;ortft|J^^{IlJT'Il3il|/c^ 

-So 

[0 O 1 0] */ifc5V>(^7t-^:y LT. 2 
(T^^il^WVX^ffll/^^o 

[0 0 11] ^rch^^M^&A(om^^^2-:>(D^m{^^ 



4#P^^ 1 0-255305 

4 

[0 0 12] *fcfe6l/M^i^S:^COS7^^^2oco^^«cU 
'7^^M.^m^X,r>X'7^^^nfz.&$i^%f)^hM%:^^^y V\tL 

[0013] 

[0 0 14] mii'±^mm{^^^n^i^i^:^(Dm^^f^ 

4 ?^-i^mxh^o *^P>e('::J:-5DVDffl»4^uvXi 

:7 o 1 :^mm;^tix\^^^o mm^miyy 

1 0 1 li»!S^3^g^^LTt J:V^L. S^ZlJ^^^J^^X^^ 
iSlt^4xTV^6<Z)-r. JSfta 5 0 nmCQU— if^T-DV 
fi:7 8 0 nm(7)l^— . 2mmC0CD^S 

[0 0 15] JKT. ^tt6t)(;^iRII;^5fg:Mt-6r: t^SiB^ 
ig2(c:jlS.*'f4e;dS*ii{l::^;i^fc«-g^co^ffifl^^ 
?S®?f^<^mB&ll^^i-o r rT^1ll$4li>t^4^UVX(7)Bi(;o 

;Kj¥(7)^tV^(c:i; 19. D VDlfffl U>'XT*CD^?f^ti-5 

[0 0 16] t r 5;^^^--::^. r.(Dl/^X^ffll'^TD VD 
V\ ^<Dfz.}ib(0 1^(D:^mt\.X\t.^ CD^W^fSi^ 

^0/cii6{^(^CDS^iK-ft&l 1 , DVD 

[0 0 1 7] 

[^1] 



(4) 



^^^1 0-255305 



[0 0 181 ^mf-'rxo{z.mmra^ n^miiR-rtii^x 

[0 0 19] 

[0 0 2 0] ^rSfcUTv^n^^c^:v^ rttt:: J: <9i?'(lx.tf 
;il^780nm. X 2 6 5 0 n m t fntf . -^tl.-? 




10 



[0 0 2 1 1 ^^fufflv':7^(7)?f^i^, RXfitt^^. 

::: <^ M PSPfl p 6 m^(D N A (7)iS v ^ ;^^mtb/^ v ^o 

[0 0 2 2] 

[ifca] 



ci<pM)rdrde 



de 



R 12 

c'<p(''«)rdrd( 




rdrde 



rdrde 



— let = 



[0 0 2 3] (DXoii^:^ hl^—/l-mmt 1/>^X^^P^ 

^-T?«t&<b Ly^c^jpsp^ p^^Rc^ 2 m<7)m\^itM'r^ r 

T:yXT'fiS?fi7 8 0 nm, ^^^UVXNAO. 4 5 T 
^^O-CDVDO^ti-i^l^VXNA 0. 6 t^^LTfiMiK 
^T'fetL(i\ r7 = lX (0. 45/0. 6) ^2 = 0. 40 

0. sx\tT) = o, 4 5 t^j:^o &wwmm^J:^i 

[0 0 2 4] 



:4] 



W4a =f ^(NAr 



[0 0 2 5] 6 ^(O^m'R^:^^ 

[0 0 2 6] 

[^5J 



[0 0 2 7] -e-^x.^5tb§o ;^cifcLrtLib(7)5t{^*Dnt§ 

[0 0 2 8] 
[^6] 

|W60p^+W40p^+W20p2+Woo (O ^ p ^ Ru R2 ^ p) 



\ W60p*+W40p^+W20p^+Woo + ♦ (Ri ^ p ^ R2} 



[0 0 2 9] (DX OiZ.m'^^c 

[0 0 3 0] 

[fc7j 



^50 



(5) 

7 

„i.j^(^.(w)^)j 

[ 0 0 3 1 ] (D^oi:^^jS:i£ix-^^:^^h. :itLX^ t? 

0, wo omm^^{^^it>. Rl. R2, 0, ftiJPgPf^P 

tiNAO. 2 0, ^Sf^NAO. 4 2. fflPSB^PONA 10 
$:0. 4 6^L. fifflM^G. 2651 {X = 7S0n 

m) <7)i:#. 77 = 0. 4 8;^»^S:fct^c^ "9. '^uty^;^^<D 
^m^X.^ 77 = 0. 4 5^_hll]oTl/^>5r i:;0^^t?/0^o 

-r^^NAO. 39-C 77 = 0. 3 4;dSS:^-Cfco/c:o o 
S N A 0 . 4 5 . :^ V i — 0 . 

^mcm LT D V D^^B#(;i^ C RM S ^ffilR 
SgTO. 033X (A. = 650nm) "CfcofCo ^t^f^ 

[0 0 3 2] :i(DmM^J:i\Lm^O , 2 6 5 X^^\Z.m^ 

fim=4, n = 3(Dt^<DmWiiLm'^y^i!^(D0. 3 33 

(DiiL^iyy^iDm^^i^^^t, P^^fi^n AO, 2 0, 
^^i^^NAO. 4 4 , ^iJPSP?|PNA 0. A S (D t ^ . n 
= 0. 4 7^^S;^.ir/^o/c:o ^tLfiJiHE(Z)aii/^{ufflM 
t lt-<T fa ^ if JlfeJ^^ V \ 

[0 0 3 3] J[^±T*^i^JPSr^p*fflv^5 irv^5m^ffi-Trl^ 
r.tt(-ii£^^TLt>^l^c7)PflP^i^^>^i:-r5r 
^^*ftL/^v\ ^|^.i::tiRMSiKffi»RM^i¥ffiM^t 

[0 0 3 4] ^(D^o\z.mmiLm^y^<D7^^m\^^fz,m 

-g^d, ht4figtia^c#$tt5 NAO. 45 

X(d:^ V /u^fiSi^^T-o. 8 7fe^asp"p 



^mW-r 0-255305 

8 

^ r. ^ ^> (::: r fhiz.i^^-^t^^x ui^X(D \>^\m t mmx 

-^o :^tl.fi^W#^t-J:oTi6ft6 5 0 nmT-DVDi: 

7 — 3 4 2 2 0 3) C D^JSS 7 8 0 n mTS^Isi- 

^m^Cl^r 0^^fiJ(7;>N A4:{i^V^< <b t>N A 0 . AbU 

/-do ^^zxiitmi^y ^ t'7^m\^i^:^^%^^^t>-^x . {n 

0 nmT(50CDS^B$(7:)ItelS^. iSft 6 5 0 n mT^OQ D 

«g;6^^^ic:^#^tb6^?;6^^^^r.^;05t>;^)^o>^:io ii^T:^ 
;^^^;lol/^TIft?^■rSo 
[0 0 3 5] ':;^'^\U>Xt{tmiyy^^%K^^t>'^t:.m 

[0 0 3 6] 

[ifcs] 

Wfioi p^+W4oi p^+W2oi p2+Wooi (0 ^ p <; Ri) 

^ ^ I WfiOl P^+W401 P^+W20l P^+Wooi + <t> (Ri ^ P ^ R2) 
" I WfiQaP«^+W4O2P'*+W202p^+W002 +0 ^ P ^ R3) 

Wfi02p**+W402p*+W202P^+Wo02 ^ P ^ R4) 

[0 0 3 7] (OX,0^^^^^o ^C.X\^KltmmtL^ 
iyy^^m. R 2 ;555>fiJ^^^ R3;5S^^fi^v:7^:^ 

iRlli:^c^5/cJ^(7>^>;^:^gt^l?;^^^/^«9 , ^#JT*fiD 
VD\C^t>'ttXO. 6mm, F^ftijT^JiSigfbt- J: o T ^ 
n;^So. 6mm(Jrl. 2mm(DTSt^j:^o U/h^SoT^ 
tl.tc:^^>/^oT^ffiIlX^(Z)ltelS^^^W6 0, W4 0;d5j^ 

^1, 2^ottTS?i^ J: 9{-*^^ttrv^^o ^7"c:» 

^.'ftLW2 0 1, W2 O 2fi^^fJj(7)f^^r-RMS^Sffil|X 

001, WO 0 2 {'X^A'§^\(D};h^\^x^mH^^(D^^mmm 

it^t^o W201^W202, W001<hW00 2(7)^ 
l-^i^l^Xi^^a^Mft^&mm^X^:^^ . W2 0 2, WO 

0 2^#;tbn/c{i:tS>^:7^(7)^f^TT-RMS^S/jNt 

-t^^m-h. m^i^myy hxmm^{:i^i^^^tx 

W2 0 1 iwo 0 1 >b*it>fco ^ ^i--^x.^tLfc(^ftij>(^ 

Jj;£1gl?. iJ-fiJ^MR 2i::oV^r, Rl, R3, R4, 

li+g^^ifcfe&^(::^x.Tr7 ^ft^tt-5^f4^^*^^/co 
■^<7)^t£*^|l]6i;i^-ro ^^T-ffi**i^^>#)^->'XcD:a^f>J 

r*<^fh^^:^^Xn5/ hLTV^-5o :^/^::/'^:7i1:i{^CD 

±m(Dmm{iLmiyy^. m-^iiim^yy ^ ^i&^XTjkx^x 



9 

L;!?^L0iJx.tf4>^L^S<g/?O. 7 6mm, ^J-fiJ^^^^l^cT^N 
AO. 450i:#(^>. CDtttg77 = 0. 5 2 6 (CD>^ 

hl/^/HS^J^^O. 9 4) , DVD(7)RMS^^ffiIte^ 

x.^tb5o ^<^4^>r ht?fiCDttfi6co*:*cffi^. DV 

Vv'^Ofiffl^fiO . 29851 (X = 780nm) , 
rtSJ:iNAO. 2 1 4 ^^liNAO. 4 5-0 

55'*'l<^^i#^7)NA<Jr-gfi:LTv^fCo El 8 l^^iSI&^^ffitB-^ 

[0 0 3 8] [lj9(::CDW:i^ft<50'm{-J:^CDS* 
;^/1<:y httB^TjCDtt^iT^i-o «IS(^t£ia{i± 2 0 nmfc 

iStft-rtb— 1 0 n m-r 7? = 0 . 5 2 ^^(^^itX^h ^ . 
NAO. 4 5T*<7);5^ h /HfijKl^^"t?0. 9 3:;5i^f? 

oV^-C *>'g^:bii:T^7j^ LTV ^-5o 
[0 0 3 9] mi 0fi&S6 5 0 nm-e(7)DVDW^H# 

0 j^STtb— 1 0 nm-X:0. 0 3 6 ;i * "T: JSAP 

^ (dov ^TfiD V D L/^v ^ J: 5) /^{itSM 
6o SiSfitS :7 ^ (7)^{:iov ^T DVD TiR 

So 

[0 0 4 01 Hi 1 fi&fi7 8 0 n m(Ci:SCDM^B# 
t&fflT:»wfeTtb«:^ii^l^L. It^ftJiNAO. 6(^^Mp 
< /^oTV^5o ^fc^co^^ii^tt}i±0. 



(6) WmW- 10-255305 

10 

J: 6 mm P (30^* t J; ir 6 r i: ^ tb 

[0 0 4 1 ] Hi 2fi^S6 5 0 n m(;iJ:SDVDS* 

t^j:^(DX\ ^:ixi'X^j^^ii^iyxtmmiiLmiyyi^^m. 

n^hnx\y^^o 

[0 0 4 2] El 1 3 (::;:^/K:y hB^(DnW^^^^^^o 

20 (—2) f^05SS(7^;^4^:y hcD^^M. m$^n-^^ Kn — 
•:f(D^m ^ ^ 'L^^m xmmt L fc^t fo 5 o L o t 
Kn — V>:*r;55M* LV^c^T\ 

frt'5;;^'?;^5J'^0't''il>(7)3a«{^>t^LTe X p (-2) IS 

s t^j:^m^(D§YW^mxh^o m^\^tk^(7)%mm 

^jpir^p(7)^^fflv^f-«^r'fei9. mm^Mmma^w 
Ai^r-m^. ^(Dm^Mmx-^<D^^mmmi=^^tvi^ 
hr>fz.m^. mmm\:^^t^\^h'ox:^7^y v^^b^i^m 

Xu^>. h.^.;^^^fc6o Mmmn(D^lc\:t^x:^7ti^y hmt 
40 ;^^/^«9a^c»LT0^§^^. 3fiJPSRiP^>?'^i/^^1^^ K^— X 

{;^bT3o(?:)Xn h.'^.^^^^fcS;^^ r(Z)3o;a^^;^^/^»9^ 

p (Dmm^(D^(D}\5Lm^^M^m:imi^ lt v > ^ f^i^;^ ^ :y 

h ?f^^g {^f^ W ^ X. T V ^ V ^ r ^ t> 5 o 

50 :zthXy^yi^y hi^mo)pmmmxh-^r-r)(Dm:d^cDt 



(7) 



f^mW- 10-255305 



11 

^f-m-^X^h^o DVD^:::ov^TI^^J^^if|s]l::.;^7K:y 
[0 0 4 3] m 1 4 \Z.%^^y Y^(D^m.mi:^'to 

:^ci*^P^ J: ^ >pf ffe u >- X 3 J: 19 ^t^^ ^ ^ _L 

T^^^:^-^ ^\^v^^y^>'^^mmm^'\^x.K^ ^ 

7 2 ^Si©Lfc)tt^A)tu-^^Xi 1 1 (ciJ: »9^3fe7t 
^ir^ix. b:^'-^;^Xy 5/^5^ 7 3l;iAttt^^o ^^T^t^ 
iSiii^ttiv-y :/Ky;^/^i^>^Xi 2SrjgigL. 4^i-f«J* 

m^.^tim^t-t^o -'^\f—J-^:^^')y^7Z'(: 

mt)(Dmmm^^mmmm^i a 2{rj:i9Hi;^i-^r:ir 

y 7 2:^S#tL/c7t:l^«7tl/>'Xl 1 2{c:J; i9^1^ 
tBS§l 6t^A3t^;K3tm^l^^n;^cm^fi. T>-Xl 7 

10 0 4 4] J[^_h-r(^^^fit@:^:7:^ti^4^i->^X{cf^ 

VDl?ffico^^i/>'Xi 8 t . aiz:L/c»Sf4t@v':7^ 
1 9^/N-^Xy :y KtC— f«bLr 2iJ);7t;r:i5^^^^ — ^ * 



12 



[0 0 4 5] 

1g|?0. emmCDDVDS:. iKS7 8 0 nmt^U— 1f3fc 
T^SWl. 2mm(7)CD^. MPgP^ P ^^^^^^ <b ^"6 ^ 
10 hfii< lO(7^U>^XT*S*i-^r ^jJi^Rrtfet/cC (9. /J-S 

llffi(7)fBj^7i:IftK] 

0 1] *^e^(;i<J:^M*&U'>^X(3:>K7^6<j/^^^->:;^ 

o 

12 21 nmi^m&xm^. 
113] ^ms+iv-^^tcisscffiiuugji^^^,, 

114 1 i^^ffif4+iv':7^tr J;5j^SiRllJf^<^o 

20 [me] '^w\u'^xt{iL^i^y^^m^^i^'±r^m^(D 

8] ftigiS?«&S{4ffiv-:7^f^i9ott<7)5>fiju:/X?i^ 

mo] DVDIf±H#(7)S[:g:-rixtc:^-r6RMSJSffi 

[mil] CDS^0#COjS®llXM?f^t^o 
30 [1112] DVDS^B#COffl^ffiiR^?l^*^o 
11 3] :^7fs^y VW^^(D%^%1^^o 

1 1 4 1 it^y voymmmo 

15] >t4-it^i^>-X^^^{]Atev->^^;0^^N^Xy >;/ K 
1 • • • •^«f4:+gv':7t$7otM*i/>-X. ioi- - $i^ 

ffifflv/:7h«. 2 ••••^ffilRMiSffi. 10 2 '---iiS&|| 

«fMv-:7 hfisiiE. 3 • • • 'mmmiL^iyy^-^m';i^^\ 

U^-X, 4 1^^ 5 • • :n y — h U'>- 

40 X, 6 1. 6 2 • • r — jU;5K?I^Xy X-^., 7 1. 7 2, 
7 3 • • t^^— jUy^Xy 8 • • • • ii:%.±lf 5: y — , 9 

2^^7cr^^zr^— 10- 11 
1, 1 1 2 • • • •*^i/>^x. 1 2 • • • v-y Ky 

>^X. 1 3 4 iJ^V 141. 142 

HKT^X. 1 5 • • • • 2 j;>tiJ^V7^:^ ^. 16----T=V 
17 - - rvX. 1 8 ••••DVDfflW#?l^>^ 

X. 1 ^'-mmtLimiyy^o 



(8) »M¥ 10-255305 




[133] [015] 





(9) if^m^^ 10-255305 





(10) 



0-255305 




[ISIS] 




NA0.215 

3 

NA0.45 



0.76mm 
NA0.6 




o o 



(11) 10-255305 



m9] 

m9 



5» 0.56 

I 

^ 0.52 



^ 0.48 



0 .46 



c DTK fSjf&m'^y^o^ar - »— ^ ^ ^ 



-20 



-10 0 10 



20 



[ia 1 o] 

m^ 0 



0.06 

0.05 

jao.04 

I 0.03 
Jo. 02 

let: 

O 0.01 

> 

Q 0 





















;>< 






-20 -10 C 


\ 10 20 



(12) 



!^m^l 0-255305 




[Ell 21 



1 2 




-0.125 



Pupil radius 



o o 



(13) ¥fm^ 1 0-255305 



[mis] 

m^ 3 




0 ' » ^ ' 1 1 1 

0.S 1 1.2 1.4 L6 1.8 2 
l/eA2t^ffi(/i m) 











❖Ji-SrDVDJftiK^ 





